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I. Introduction
Recent articles have re-explored the issue of sibling rivalry in the allocation of household resources. Butcher and Case (1994) , using the 1985 wave of the Panel Study of Income Dynamics, find that female educational attainment in the U.S. has been systematically affected by the sex composition of siblings, while male choices have not. Their estimations show that women who grew up with a sister received less education than women raised only with brothers. However, using the 1993 wave of the National Longitudinal Survey of Youth, Kaestner (1997) finds for whites and Hispanics that educational attainment is independent of sibling sex composition. He reveals that both black teenagers between the ages of 15 and 18 and black adults who grew up with a sister receive more education than those without a sister. Hausner and Kuo (1998) using three large U.S. surveys, the 1973 Occupational Change in a Generation Survey, the 1986 and 1998 Surveys of Income and Program Participation, and the 1989 National Survey of Families and Households, find negative effects of the number of siblings on educational attainment, whereas they find no evidence that sibling sex composition affects educational attainment among women. As Hausner and Kuo (1998) point out, the research on subgroups has found few consistent findings beyond the overall negative effect of the number of siblings. Taking these three studies together, sibling sex composition effects in educational outcomes seem to have declined over the last four decades in the U.S.
We contribute to this discussion by examining the role of sibling rivalry in educational attainment in Germany. Using the German Socioeconomic Panel (GSOEP) we are able to distinguish how the effects of sibling rivalry vary by cultural affiliation, i.e., among families of West German, East German and foreign origin. Compared to the United States, education in Germany is less costly and 1 Kaestner (1997) provides a survey of the economics literature. Strauss and Thomas (1995) survey related literature in development economics. Hausner and Kuo (1998) provide a broader survey which includes the sociological and demographic literature. more standardized. This allows us to analyze sibling size and composition effects in a situation in which the household budget constraint is less binding. However, we expect differences between West German, East German and foreign households. The East German system provided a highly standardized and subsidized curriculum. Even though the children of guest-workers are required, under German law, to attend school, studies of educational attainment by different ethnic groups in Germany indicate that they are less intense in their school-going than their comparable German cohort, and that they leave school earlier (see Gang and Zimmermann, 2000) . Hence, foreign households need to be differentiated from native West and East German households.
Section II briefly reviews some theoretical explanations of sibling rivalry in the allocation of scarce household resources. Section III describes the data set and the empirical strategy. In Section IV we discuss the estimation results and compare them to existing U.S. studies. Section V concludes.
II. Theoretical Framework
Economic explanations of sibling rivalry in the allocation of household resources for education are largely based on theoretical models of household behavior developed by Becker and Tomes (1979, 1986) and Becker (1991) . 1 A major role in the derivation of sibling effects on educational attainment is played by the budget constraint of the household. If the budget constraint is not binding, parents invest until the rate of return of each child's education is equal to the market rate of interest and the education of each child in the family is independent of the size and the 3 2 Behrman, Rosenzweig and Taubman (1994) present empirical evidence that parents do not have a strong aversion to earnings inequality and invest in children in ways which reinforce differences in innate earnings ability. Kaestner (1994) points out that analogous reasoning holds for differences in social environmental factors that influence earnings (i.e., gender discrimination). composition of its siblings. However, where parents cannot finance the unconstrained optimal level of education for each child, household resources are allocated to those children with the highest rate of return to human capital investments. This makes the education of each child in the family dependent on the size and composition of its siblings. Additional siblings lower the available resources per child. If, for example, the rate of return to education is higher for men than for women, boys will receive a greater share of the household resources available for investment in education and will therefore have higher levels of educational attainment than females. Theory further predicts that when the return to education is higher for men than for women, a girl with only sisters will receive more education than a girl with brothers and that a boy with only brothers will receive less education than a boy with at least one sister.
In general, schooling in Germany, both East and West, is freely provided by the state. The costs of sending children to school consist of the living costs and time costs and, for children above age of sixteen, the opportunity costs of not working. For poor families the German government even pays the parents a subsidy for living costs, called BAföG. Hence, the costs of obtaining schooling in Germany is lower than obtaining schooling in the US and the budget constraint for sending children to school could be expected to be binding for less households in Germany if compared to the US . If parents do not have a strong aversion to earnings inequality among their children and if the rate of return to education is higher for men than for women, boys in Germany will receive more education than girls. 2 Without a binding budget constraint, however, there should be no sibling 4 composition or sibling size effects.
If parents do have a strong aversion to earnings inequality and therefore allocate household resources so as to minimize earnings inequality among their children, children with relatively low returns to human capital investments will receive relatively more resources than children with high returns. If the budget constraint is also binding, a girl with only sisters will receive fewer resources than a girl with brothers, and boys will receive more education if they grow up in a family with only male children (Becker and Tomes, 1979, 1986; Behrman, Pollak, and Taubman, 1982) .
Another source of sibling sex composition effects on educational attainment are the differences in the costs of raising boys and girls, such as different costs with respect to human capital investments (see Butcher and Case, 1994; Strauss and Thomas, 1995) . Here, the educational attainments of male and female children depend on their relative percentage in the household. For example, in some cultures, the parents pay the marriage costs of their daughters. If the parents have to save for their daughters' marriages, fewer resources are then available for educational purposes.
On the other hand, if a daughter's higher education increases the probability that she finds a rich husband, parents will allocate more resources to the education of their daughters. Again, these effects are only relevant when the household budget constraint for financing child education is binding.
Sibling sex composition effects may arise because different sibling sex compositions result in differences in the amount of gender specific traits that a child acquires (Butcher and Case, 1994) .
For example, if classroom instruction favors masculine traits, females (males) who grow up with older brothers (sisters) will receive more (less) education than females (males) who grow up only with older sisters (brothers). Butcher and Case (1994) also hypothesize that the sex composition of children alters the preferences of parents: "Parents with only one daughter may measure her achievements on the same scale used to measure their sons' and may provide her with an equal share of the households' educational resources. [...] When a second daughter enters the household, a daughter's reference group may change. Parents may group the daughters together and apply a different standard for homework, grades, and course loads." (Butcher and Case, 1994, p. 536 ).
According to this theory, a girl with only brothers will receive more education than girls with at least one sister.
In summary, the literature provides several explanations for a sibling sex composition effect on educational attainment. The direction of this effect is ambiguous. Moreover, competing theories have similar predictions regarding the direction of any effect. These factors make deriving a priori testable hypotheses difficult. Common to most of these theories, however, is the role of the household budget constraint, i.e. sibling size and composition effects are only important when the household budget constraint is binding.
III. Sample Description and Empirical Strategy
We employ the 1996 wave of the German Socioeconomic Panel (GSOEP), a comprehensive panel of household and individual data. Collection in West Germany began in 1984; in East Germany, in 1990. We look at a sample of individuals whose parents are also in the GSOEP. This provides us with a rich data set of individuals, with information on parents, number of siblings, sex of siblings, age of siblings, and so on. We restrict our sample to individuals aged between 17 and 46 who have completed their education (including formal occupational training), with at least one sibling and for whom information on their mother is available.
We are interested in contrasting the behavior of West Germans, East Germans and foreigners 6 3 The GSOEP is available in two versions: a German version only available for use inside Germany and international version available worldwide. We use the international version, which is a 95% sample of the German version. In addition, some variables available in the German version are not available in the international version. For example, we do not have information on the nationality of the foreigners. However, we do know that in 1996, of the 2170 foreigners in the GSOEP, 36% were Turkish, 20% Yugoslavian, 12% Greek, 17% Italian, and 6% Spanish. living in Germany. 3 Following Butcher and Case (1994), Kaestner (1997) and Hausner and Kuo (1998) we regress educational attainment as measured by the years of schooling of an individual, on variables indicating the number of siblings and sibling sex composition within a family. As in Butcher and Case (1994) and Kaestner (1997) , our measures of sibling sex composition consist of dummy variables indicating the presence of any sisters, the presence of any brothers, and the proportion of female children in the family. As we discussed in Section II, the percentage of female children in the family identifies whether the costs of raising daughters and sons systematically differ from each other.
We control for possible cohort effects by including the respondent's age and age-squared, and household income at the time the respondent was a child (proxied by the years of schooling of the mother and the father and dummy variables indicating the occupational status of the father). Since our sample includes households with missing fathers, we introduced a dummy variable that takes on the value of one if information on the father is available and further interact this dummy variable with all variables describing the characteristics of a father. We control for personal and family background characteristics by including variables indicating religious affiliation of the mother, whether one parent died before the respondent's 14th birthday, and whether the children support their parents by paying them money or looking after them in their own household. The latter controls for the possibility that parents invest more in one child because it expects this child to support them when they are old.
The full set of estimation results for Germany is available on request. 5 For a detailed discussion of the replication issues confronted here, see Bauer and Gang (1999) .
We also include several variables describing the size and the structure of the sibling relationships of an individual. These include the number of siblings and the number of siblings-squared, a variable indicating the birth-order of the individual, and a variable measuring the birth distance, defined as the number of years between the birth of the respondent and the birth of the next older sibling. Descriptive statistics for the variables used in the analysis are reported in Table 1 of the Appendix.
IV. Estimation Results
The empirical evidence on the relationship between sibling sex composition and educational attainment in the U.S. and Germany is summarized in Table 1 . 4 The empirical evidence for the U.S. Recall, that we restricted our sample to households with at least one sibling.
indicate that for foreign families in Germany the costs of raising a son are higher than those of raising a daughter.
Sibling size effects on educational attainment are reported in Table 2 . Butcher and Case (1994) use the number of siblings and the number of siblings squared, while Kaestner (1997) uses a series of dummy variables indicating the number of siblings. We replicate both using the GSOEP. Butcher and Case (1994) and Kaestner (1997) and others (see Hausner and Kuo (1998)) find significant sibling size effects --the more siblings, the lower ones educational attainment. Even though our German results follow this pattern, they are only significant for West German males and foreign females. The lack of overall significance here and in the sibling composition effects are an indication that the budget constraint is not binding in Germany. This interpretation is supported by the result that we find only significant sibling size and composition effects when the proxies for household income are statistically significant.
The specifications used in Tables 1 and 2 are problematic when interpreting the coefficient on the dummy variable 'any sisters' or 'any brothers'. We illustrate this in Table 3 , which provides possible examples of for the gender compositions of households and the reference group for the dummy variable coefficient. There is no problem as long as all the siblings (other than the respondent) are of the same sex. The last row of the the dummy variable only sisters (the reference group is only brothers). For households with more than two children, we include sibling size variables and, to capture the gender composition effects unambiguously, the dummy variables 'only brothers' and 'only sisters'. These results are presented in Table 4 .
For two child households there are no gender composition effects of educational attainment. For households with more than two children we find significant sibling size effects for West German males and females. Having only brothers does not affect anyone's educational attainment (relative to having both brothers and sisters), while having only sisters (relative to having both brothers and sisters) lowers the educational attainment of West German males and raises the educational attainment of foreign females. These larger households behave differently to smaller ones, and we observe somewhat different behavior than previously observed in Table 1 .
With mild exceptions we can say that our overall results indicate that sibling size and sibling composition effects are not significant in determining educational attainment. Particularly interesting are the results for East Germany. In Table 4 the adjusted R-squared for East Germany is very high. In the estimations this very high R-squared is accounted for almost completely by age --all the other variables were insignificant. 7 For those raised in the East German educational system, educational attainment exhibits a cohort effect --more recent cohorts have more, earlier cohorts have less education. These results indicate that for individuals raised in East Germany, the schooling decision that parents make for their children is completely unconstrained.
There are several econometric issues that we have so far not addressed (and that the existing literature does also not address). First, our sample consists of people who have at least one sibling 10 8 Obviously there is no gender composition effect in a one child household.
(that is, two children in the household). In other words, we ask "What is the effect of sibling size when moving from a one child household to a two-child household?". 8 In unreported results we find a mild negative effect. Second, parents may make the choice of education and the choice of number of children simultaneously. We tried constructing several instruments for parents' choice of the number of children. All failed standard tests for good instruments (Bound, Baker, and Jaeger, 1995) , and all raised our standard errors. Third, some argue that less talented parents have more children and provide them with less education, and that this may affect our results. Our feeling is that this and other related issues, if we were able to properly account for them, would just raise the standard errors and hence reinforce the result that, generally, gender and the number of siblings make no difference in educational attainment in Germany.
V. Summary
We estimate sibling sex composition and sibling size effects on the educational attainment for three groups of different cultural affiliation in Germany, i.e., West German, East German and foreign families, and compare the results with the existing empirical evidence for the U.S. Using the 1996 wave of the GSOEP, we regress an individual's years of schooling on different indicators of sibling sex composition and sibling size, family background, and person specific characteristics. We are careful in accounting for the relevant reference group, enabling us to more easily interpret our coefficients. The estimation results indicate that educational attainment in Germany is independent of the sibling sex composition. This is consistent with U.S. results. There are two exceptions. For West German males we find a significant negative effect of the presence of only sisters for households with more than two children, and for foreign females we find a significant positive effect of the presence of only sisters in the family. However, unlike the results for the U.S., we do not find significant sibling size effects (again with two exceptions --West German males and foreign females).
Our findings are consistent with a story that says that household budget constraints do not matter for the allocation of resources for human capital investments among children. They are partly consistent with a story in which budget constraints matter, but the return to education is the same for men and women. In this case there would be no sibling sex composition effects, but we would expect to see a sibling size effect. The unimportance of a budget constraint is especially clear in the East German case.
These results are consistent with patterns observed in studies using more recent U.S. data, which find smaller or no composition effects, while larger effects are found in studies using less recent data.
For developing countries, sibling composition effects are regularly found (see Strauss and Thomas (1995) and Garg and Morduch (1999) ). It may well be that as incomes increase and education is more freely and cheaply available, gender effects and size effects disappear. Indeed, this is what the "ordering" of our results tell us. In East Germany, the opportunity cost of education was lowest, and we observe a highly educated society with little differentiation by gender. In West Germany, among the West Germans, the opportunity cost of education was low and we do observe some, but very little, differentiation. Among the guest-worker population in West Germany, education had a higher opportunity cost -the budget constraints were more binding -and we observe additional differentiation. Table 4 , Columns (2) and (6); Kaestner (1997) , Appendix Table B , Columns (6)-(9); own estimations; standard deviations in parentheses. 
